Um método versátil e com rápida sensibilidade para a determinação individual e simultânea das drogas anticancerígenas emodina (Em) e irinotecano (Irino) em fluidos biológicos baseados na voltametria de onda quadrada (SWV) utilizando um eletrodo de grafite de lápis renovável (PGE), foi investigado. A acumulação adsortiva controlada de Em e Irino na superfície PGE foi explorada para a determinação de traços de drogas anticancerígenas em fluidos biológicos. Sob as condições experimentais otimizadas como o pH do eletrólito suporte, potencial e tempo de acumulação e parâmetros eletroquímicos, curvas de calibração para análise de traços de Em e Irino individualmente e simultaneamente, mostraram uma excelente resposta linear. Os limites de detecção 5,17 × 10
Introduction
The antitumoral activity of emodin (1,3,8-trihydroxy-6-methyl-anthraquinone) and irinotecan {7-ethyl-10-[4-(1-piperidino) 1-piperidino] carbonyloxy camptothecin} ( Figure 1 ) against certain types of cancers was previously reported. 1−5 In this context, emodin (Em) drug has a specific antineuroectodermal tumor activity in vitro and in vivo. 6 It suppresses tyrosine kinase activity in HER-2/neu over expressing breast cancer cells, and mainly represses the transformation phenotypes of these cells, acting as a tyrosine kinase inhibitor; furthermore; it can hit androgen receptors directly suppressing cell growth in prostate cancer. 7, 8 Irinotecan (Irino) was widely used for the treatment of colorectal cancer, refractory cervical cancer and other gynecological cancers. 9 Because emodin and irinotecan are being increasingly used for therapeutic purposes, their determination and quality control are of a vital importance. Many methods for determining Em and Irino drugs were reported, such as chromatographic, 10−21 spectrofluorimetric, 22 chemiluminescent, 23 ,24 spectroscopic [25] [26] [27] [28] [29] [30] and electrochemical techniques. 31−39 To the best of our knowledge, individual and simultaneous determination of the anticancer drugs emodin (Em) and irinotecan (Irino) has never been investigated using SWV at a PGE. In view of the biological importance of Em and Irino, this work was aimed to develop a simple and a sensitive electrochemical method based on square wave cathodic adsorptive stripping voltammetry using a PGE for individual and simultaneous determination of the anticancer drugs Em and Irino in biological fluids.
In the current work renewable pencil graphite electrode (PGE) is used for the individual and simultaneous determination of Em and Irino using Osteryoung square wave voltammetry procedure. The proposed methodology is simple and does not generate hazardous chemical wastes, thus it is easily possible to be used in control analysis of Em and Irino in biological fluids. The developed method permits the screening of the two anticancer drugs in a single voltammetric run with high accuracy and precision.
Experimental
Instrumentation Square-wave voltammetry was performed using an EG&G PAR 384 B polarographic analyzer controlled by the 394 software. The electrode system consisted of the pencil graphite working electrode, a Ag/AgCl (3 mol L -1 NaCl) reference electrode (Model RE-1, BAS), and a platinum counter electrode. A rotring pencil Model Tikky special 0.5 mm (Germany) was used as a holder for the pencil lead (rotring, 2B, 0.5 mm diameter, Germany). Electrical contact with lead was achieved by soldering a metallic wire to the metallic part that holds the lead in place inside the pencil. The pencil was fixed vertically with 6 mm of the pencil lead extracted outside and 3 mm of the lead pencil immersed in the solution. Prior to experiments, the electrochemical treatment of PGE was achieved by the potential cycling between 0.4 V and -1.4 V with scan rate 50 mV s -1 for 5 scans in blank Britton-Robinson buffer. The treated PGE was washed with deionized water and stored at room temperature in vacuum desiccator until its use.
Details of the pencil electrode were described earlier. 40 For voltammetric measurements, the test solution was placed in a polarographic cell (10 mL) and deoxygenated by bubbling nitrogen for 15 min to remove any oxygen to a level not interfering with the voltammetry to cathodic potentials.
Chemicals and reagents
Emodin and irinotecan were obtained from sigma (U.S.A) and used without purification. Stock solutions of Em and Irino were prepared by dissolving a required weight of chemically pure product in a specific volume of deionized water. As a supporting electrolyte, a series of Britton-Robinson (BR) buffer of pH 2-11, a mixture of 0.04 mol L -1 of each acetic, orthophosphoric and boric acids adjusted to the required pH with 0.2 mol L -1 sodium hydroxide was prepared. The BR buffer was brought to a constant ionic strength by the addition of 0.5 mol L -1 NaX (X = Cl ). The pH values of the buffer solutions were measured with a digital radiometer pH meter, Jenway 3310 accurate to ± 0.5 unit. All chemicals were reagent grade (E. Merck Darmstadt). Deionized water was used to prepare the solutions.
Urine and serum treatment
Human urine and serum samples were taken from healthy donor and used shortly after collection. Urine samples were centrifuged and filtered before use. A 0.9 mL aliquot of the serum sample was treated with 2 mL methanol as serum-protein precipitating agent. The precipitated proteins were separated out by centrifugation for 20 min at 1400 rpm using tabletop high speed centrifuge TDZ4A-WS. The clear supernatant layer was filtered through 0.45 µm millipore filter to obtain a protein-free spiked human serum samples. The standard addition method was then applied, adding successive concentrations of the investigated drug. Figure 2) . The recorded SWV peaks of Em at various pH values in the potential range of 0.0 to -1.0 V are mainly due to the direct reduction of the anthraquinone moiety. 41 Voltammograms, obtained for Irino, in BR buffer solutions are attributed to the electroreduction of the lactone moiety of camptothecin to a lactol ring. 42 The peak potential (E PC ) shifted linearly to more negative values on the increase of pH of the medium according to the equations 1 and 2:
Results and Discussion
The peak height is clearly dependent on pH and maximum response for Em was found at pH 5.0 whereas pH 3.0 for Irino gave concentration sensitive peak height compared to media with other pH values.
The electrochemical responses when Em and Irino coexist using the pencil graphite electrode were investigated. Figure 3 shows square wave voltammograms for a mixture solution of Em and Irino in solutions of different pHs in order to obtain the best cathodic peak resolution (ΔE PC ) and maximum sensitivity in mixture solution of two drugs. The results of SWV indicate that the electroreduction of the two drugs in combined mixtures depend on pH of the solution and the reduction peaks shifted to more negative potential with increasing pH value. Two welldefined peaks are observed at pH 3.0 corresponding to the adsorption and reduction of the two drugs in the combined mixture.
The reduction of Em in the combined mixture at pH 3.0 showed well-defined peak at -0.41 V (vs. Ag/AgCl saturated KCl) while that of Irino indicated a cathodic peak at -0.85 V in BR buffer of the same pH. The peak position of Em and Irino in a mixture might be attributed to different electrochemical activity of their functional groups on the electrode surface. According to the presented results, the best peak separation can be achieved at pH 3.0 which permits the limits of detection and quantitation for simultaneous determination of both drugs. This means that the cathodic peaks generated for both drugs in BR of pH 3.0 are well potentially separated and therefore the SWV form using a PGE is a suitable mode for the voltammetric assay of the two drugs in a mixture. The E PC for both drugs in a mixture has linear relationship with pH of the buffer solution regarding following equations 3 and 4:
The peak potential of the two drugs in the binary mixtures using a PGE was dependent on pH and shifted to more negative potential with increasing of pH.
Selection of electrochemical parameters
The influence of electrochemical parameters known to affect SWV, viz pulse height, frequency and scan increment were studied. In the investigation process for assay of Em and Irino separately or in a combined mixture, each variable was changed while the other two were kept constant. The variables of interest were studied over the range of 10-60 mV of pulse height, 20-120 Hz of frequency and 2-10 mV of scan increment. Table 1 indicates the optimum obtained values which reflect voltammograms of relatively high sensitivity and well-shaped waves with relatively narrow peak width. 
Effect of accumulation parameters
The effect of varying accumulation potential (E acc ) on the bulk current of the square wave voltammograms for the assay of both investigated drugs individually or in a combined mixture was evaluated. Maximum peak heights were achieved at accumulation potentials of +0.4 V and -0.75 V for the individual assay of Em and Irino, respectively, whereas at +0.4 V for the detection of Em and Irino in a combined binary mixture.
Moreover, dependence of the accumulation time of the two drugs individually or in a combined mixture was studied. Such time dependent profiles represent the corresponding adsorption isotherms as the peak current depends on the amount accumulated. As in all type of stripping measurements, the choice of accumulation time requires a trade off between sensitivity and speed. At a relative longer accumulation time an equilibrium surface concentration is reached and the peak height became then constant. The rising part corresponds to the diffusion controlled adsorption and the plateau part represents the full coverage of the electrode surface. The optimized accumulation time should be chosen according to the concentration level for assay of Em and Irino drugs separately, or in a combined mixture. Preconcentration time of 5 min was arbitrary adopted at the concentration range of 10 -8 -10 -7 mol L -1 to determine the Em and the Irino drugs individually or in a combined mixture throughout this work as compromise between high sensitivity and short analysis time.
Determination of Em and Irino individually
For determination of anticancer drugs Em and Irino individually the best results were obtained using SWV, as indicated by figures of merit such as detection limit and sensitivity (Figure 4 ). where a and b are the slope and the intercept of straight line respectively. The data for three to five replicated measurements are subject to a least square refinement and the values of the regression coefficient (R) are computed and assembled together with the straight line constant. The calibration curve data for assay each of Em and Irino drugs in bulk solution are cited in Table 2 . The limits of detection (LOD) and quantitation (LOQ) for both drugs individually were calculated using the relation kS.D/b (where k = 3 for LOD and 10 for LOQ, S.D is the standard deviation of the intercept and b is the slope of calibration curve). 43 The LOD and LOQ for the investigated drugs were estimated and reported in Table 2 , their values confirming the sensitivity of the proposed procedure for the determination of Em and Irino drugs by SWV using a PGE.
T
-10 mol L -1 ) using SWV at a PGE is quite lower compared with data reported previously at glassy carbon electrode (1.6 × 10 In order to evaluate the accuracy and precision for the proposed method, analysis of Em and Irino drugs at three levels of low, moderate and high concentration of the calibration curve was carried out to seven independent series of the same day (Intra-day) and performed at the same level on seven different days (Inter-day). The average % RSD of intra-day and inter-day precision was 0.43% and 0.61% for Em and 1.11% and 1.113% for Irino, respectively. The mean amount (%) of analyte recovered in the assay was 99.15-100.63% for Em and 98.73-101.44% for Irino. The results demonstrated that the values were within the acceptable range and that the SWV method using a PGE was both accurate and precise for the trace determination of each Em and Irino.
Simultaneous determination of Em and Irino
The square wave curves presented peak reduction potential at -0.41 V for Em and -0.85 V for Irino; this good peak potential separation of about 440 mV clearly allows the simultaneous determination of the two investigated drugs. To further investigate the electrochemical response when both substances are present in solution, square wave curves were obtained in the presence of a large excess of Em or Irino in the BR buffer solution (pH 3.0). The separate determination of Em in the concentration range 1.99 × 10 -8 to 1.57 × 10 -7 mol L -1
was accomplished in solution containing Irino at fixed concentration of 3.10 × 10 -7 mol L -1 ( Figure 5 ). On the other hand, the separate determination of Irino in the was achieved in solution containing Em at the fixed concentration of 1.00 × 10 -7 mol L -1 ( Figure 6 ). A current of Em increases regularly as its concentration is increased at a fixed concentration of Irino (its peak reduction current remains constant). Similarly, as shown in Figure 6 , the peak reduction current of Irino increases regularly as its concentration increases at a fixed concentration of Em (its peak reduction current remains constant).
After this previous study, Em and Irino were determined by simultaneous changing their concentrations under the optimum conditions. Figure 7 shows the square wave voltammograms obtained for solution containing Em and Irino in BR buffer solution at pH 3.0, the concentration of Em and Irino increases synchronously in increasing the concentration of two drugs. It can be seen that the peak currents for the two drugs in the combined mixture increase linearly with their concentrations. The calibration curves for Em and Irino present good linear responses in the concentration range 10 -8 to 10 -7 mol L -1 (R ≤ 0.998). The corresponding calibration equations and the limits of detection and quantitation are given in Table 2 . The lower values of detection limits of Em and Irino in a combined mixture indicate that the simultaneous determination of Em and Irino can be considered as efficient as their separate determinations.
Repeatability (intra-day) of the proposed method was tested for the two drugs in a combined mixture containing lower, middle, and higher concentrations in the linear range. The intermediate precision (inter-day) of the method was evaluated by considering lower, middle, and higher concentrations in linear range in three days. The average % RSD of intra-day and inter-day precision was 1.18% and 1.72% for Em and 1.92% and 4.21% for Irino, respectively. The values obtained for the recoveries (97.22-105.79%) are within limits regarded as acceptable for analysis of biological samples. The aforementioned results for both, intra and inter-day precision and accuracy are within the acceptance criteria.
Effect of foreign ions
The effect of several types of many interfering species on the determination of Em and Irino drugs individually or in a combined mixture was examined and listed in 
. Other conditions are the same as in Figure 5 . Vol. 24, No. 10, 2013 or in a combined mixture was evaluated by comparing the peak current of analyte reduction in absence and presence of interfering metal ions. The aforementioned result could be explained in terms of the formation of complexes between the interfering metal ions and the investigated drugs in solution. In this case, competitive adsorption of these complexes would decrease the response of reduction of both drugs. In addition, organic molecules could additionally interfere with simultaneous determination of Em and Irino if they adsorbed on the surface of the PGE electrode or if they are electroactive with a reduction potential close to that of the investigated drugs. Phenylalanine, alanine, oxalic acid, glutaric acid and ascorbic acid were added to solutions containing Em and Irino in a combined mixture to test their influence on square wave response. The peak height for the reduction of both Em and Irino in a combined mixture decreases by 3-11% in the presence of the aforementioned substances at concentration levels of 5 × 10 -7 mol.L -1 . Triton X-100 was added to the solution as a model surfactant. The percentage of recovery of the analyte response was decreased by 15% in the presence of 0.5 mg L -1 Triton X-100. Interference of foreign ions as a result of decreased sensitivity of analyte signal can be overcome to so extent by means of the standard addition of the investigated drugs.
Analytical applications
Individual and simultaneous analysis of Em and Irino in human blood serum
The optimized analytical procedure was applied for assay of Em and Irino drugs individually and simultaneously in human serum samples. Representative stripping voltammograms for, simultaneous assay of Em and Irino drugs spiked in human serum samples with the method of standard additions were illustrated in Figure 8 . The two reduction peaks at -410 mV and -850 mV were obtained corresponding to the electroreduction of Em and Irino, respectively and were used as a detection signal for assay of the investigated drug in serum sample. The variation of the peak current vs. the concentration of Em and Irino drugs individually and in a combined mixture was represented by straight lines (R ≤ 0.998) and the results were summarized in Table 2 . The mean percentages recoveries of 95% and 97% were achieved for Em and Irino respectively in human blood serum samples. The aforementioned results indicate that the electrochemical renewal of PGE is efficient and insures the reproducibility of individual and simultaneous measurement of anticancer drugs in serum samples.
Individual and simultaneous analysis of Em and Irino in human urine
The developed procedure was applied successfully for the individual and simultaneous determination of Em and Irino in human urine samples. 
Conclusions
The developed SWV procedure using inexpensive PGE provides a convenient and efficient method for individual and simultaneous trace determination of anticancer drugs Em and Irino without generation of hazardous wastes. The practical application of SWV method using a PGE is demonstrated by individual and simultaneous analysis of these anticancer drugs in human urine and blood serum. This work opens a new possibility in the application of the stripping performance at a PGE to a simultaneous analysis of more than two anticancer drugs which affect cell division or DNA synthesis.
